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1.0 


INTEODUCTTO::  AKT)  rA^yARY 


The  prinai-y  irarpoise  of  this  study  is  to  determine  if  the  modified 
wavopiide  antenna  will  provide  Category  iJ  guidance  at  Buffalo  IJunway  23. 

This  prollem  can  he  divided  into  tv;o  portions:  first;  verification  of 

the  computer  rr.odel,  second;  prediction  of  ant.enna  porfonnance  usinp  this 
model . 

The  fjivt  step  in  tlie  verification  process  is  detemininy,  ari 
analytical  i:iodel  of  the  antciuiu  '..-hich  calculates  antenna  patterns,  stiaicture 
runs  and  othei'  ut  rtinent  data  v.hich  can  be  compared  to  measured  data.  An 
ex  ist-inp,  con.rutei'  program  v;as  r'.odjfied  to  accomplish  this  task. 

The  ant.ercia  characteristics  v.’!.re  ad.iustcd  so  that  calculated  aritciuia 
pattei-ns  matcl.cd  i.ieasured  an.terjia  patterns  taken  at  Iniffalo  in  196?.  Measured 
KTT  runs  uere  averayed  and  tl.is  average  compared  to  calculated  fly-ins. 

Agreement  ;.-a3  attained  by  calculating  the  effect  of  a thr-uway  located  approxi- 
mately 1300  feet  from  the  raUiWay  threshold  and  cuttinr;  diagonally  across  the 
airci'aft  appi’oacii  patii.  Tliis  vei’ified  tlie  cornf’uter  model  of  the  uncompen- 
sated antenna. 

Compensi'.ted  antenna  patterns  v.a  i-o  measured  at  the  V.'esti  nghouse 
antenna  ranr;c.  These  measured  patterns  v;ere  matched  by  calcul cited  patterns 
for  6 dB  coniny  and  9 dB  coning. 

The  modeled  co:npe:u.:.tLd  cnten;;a  uas  then  used  to  calculate  J'ly-ine 
at  th(  original  anteiuri  site  uith  h dB  coninr.  It  was  felt  that  further 
irnpirovcmicnt  could  ho  realised  !y  ii. creased  eoni.ng  a.iid  a largri-  backset  fro;, 
thresliold.  At  this  j<u!.t , . evcral  varjablis  were  controlled  to  optimise  1L3 
perfon,.ance.  These  i.'erc  : 

Antenna  }xjritic.:i,  eoninr,  anti  nna  height,  hacktil.t  and  side  tilt. 

Thi-cc  aiitcuina  po.,ltions  ’..arc  ii..-c.-tigatcd  along  with  6 dB  and  9 dB  coning. 

The  lar-iaininr,  variables  ’..■'•re  hidiciou-;ly  adjusted  at  each  site  to  give  maxi- 
mum {'wr for.’cancc  . The  les.t  conditions  '.0,  re  detcU’mined  to  be: 

Backset  of  BOO  I'ect,  offset  of  f 30  feet,  9 dB  conin'-,  antenna  hoiglit 
of  /(3.1  ftet,  lack  lilt  of  A.  11°  and  sddc  tilt  of  .3°. 

A trip  to  Buffalo  wa.s  made  to  examine  the  jiroixjsed  site  in  more 
detail.  The  tent-ative  location  ’.•.'as  fovnl  to  b;.'  unsuitable  so  si.x  moj’e 
locations  at  less  offset  v;cre  inves.tig.atcd  using  more  I'cliable  tcri’ain  information. 
The  final  position  was,  detcriniiicd  to  be: 

Q30  feet  backset,  3OO  I’oct  offset,  A2.5  feet  height,  A. 113°  back  tilt 
and  .3°  side  tilt.. 

Th.  crfccL  of  jovau-  lines  in  t.hc  vicinity  of  liuiway  23  was  investigated 


2.0  VI*:RTnCATT0M  OF  I-:ODKL 


2.1  Modeling  Techniques 

A computer  program,  already  in  existence,  which  calculates  antenna  patterns, 
stnacture  lains  and  level  runs  for  the  uncompensated  and  compensated  waveguide  antenna 
was  modified  and  used  in  the  analysis  of  Buffalo  Runway  23. 

Upon  examination  of  terrain  maps,  the  only  major  terrain  feature  in  the  far 
zone  of  the  antenna  is  a down  slope  of  approxiiriatejy  .3°  at  a range  of  14,000  to 
15,000  feet.  Figures  2.1  and  2.2  show  portions  of  a U.S.  geological  survey  map  of 
the  area  ajound  the  greater  Buffalo  International  Airport.  This  do\m  slope,  since 
it  is  such  a great  distance  from  the  antenna,  will  have  very  little  effect  on  the 
guidance,  so  any  terrain  modeling  will  occur  close  to  the  antenna. 

Figure  2.3  sliows  the  strategy  utilized  in  modeling  non-flat  terrain  near 
the  antc-nna. 

The  effect  of  the  non-flat  ground  is  determined  in  three  steps.  As  a 
first  approximation,  tiio  terrain  is  assuirjed  to  be  an  infinite  flat  plane  and  Iviage 
tiieory  is  used  to  calculate  the  field  at  the  aircraft. 

Second,  the  area  v;hich  is  occupiied  by  the  non-flat  ground  is  modeled  as 
a void.  This  is  done  by  modeling  the  area  represented  by  the  dotted  line  iti  Figure 
2.3  by  pre-integrated  flat  plates.  The  effect  of  this  flat  area  is  then  sultracted 
from  the  infinite  flat  plane  approximation.  Third,  the  non-fiat  poi’tion  in  built 
up  by  pre -integrated  plates  and  thoii-  effect  is  added  to  the  previous  calculation. 

If  the  pro-integrated  flat  platen  are  small  enough,  this  method  will  result  in  an 
accurate  pr,  diction  of  the  effect  of  tei'rain.  AppendLx  A1  details  the  investi- 
gation of  maximum  plate  size  that  will  still  insure  accurate  prediction.  Since 
the  non-flat,  terrain  occurs,  only  near  the  antenna,  it  was  assumed  that  the  pre- 
integrated  plates  i;ere  illuminated  hy  direct  radiation  only.  This  is  in  contrast  to 
the  case  of  modeling  mountains  at  great  di.stance  from  the  antenna  where  the  pre- 
integrated  plates,  ai'i!  lllumLn.atcd  by  direct  and  image  radiation. 


In  order  for  the  stnicturc  output  to  bo  an  accurate  representation  of 


what  the  pilot  reads  on  the  DDM  indicator  it  is  necessary  to  provide  a scalinc 
which  is  equivalent  to  the  calibration  used  on  the  actual  equipment.  Ficure 
2.4  illustrates  the  calculation  of  the  scaling,  or  normalisation  factor. 


N = 


75 


. L I 

'i. 


f is  the  det.ecti  d side  band  diffej’once  and  C is  the  detected  carrier  level  or  s'.-jr.. 
'iiiese  are  due  co  both  direct  and  i:r.r.r,e  radiation.  The  side  band  only  power  is 
adjur.icd  until  a path  wldtli  of  .7°  j-csults.  That  is,  the  side  barid  only  po’.:er  is 

adjusted  until  the  pilot  reads  + 73  mici'oamps  at  Point  A and  -75  microamps  at 
Po:Lnl  B.  The  DDM  in  nijc2'oamps  can  be  written  as: 


ODM-NlAd)] 


S and  C refer  to  the  total  detected  side  band  and  carrier  sicnals  received  at  the 
point  of  interest. 


2.2  Uncompensated  Pattern  Matching. 

In  1957,  several  fly  over  runs  were  made  at  Etaffalo  with  the  wavo£,uici. 
antenna  lyinc  on  its  back.  6 dB  and  0 dB  coned  antenna  patterns  v.xn-c  measured 
at  an  altitude  of  15,000  feet.  Using  the  computer,  these  measured  patterns  wcri.: 
duplicated.  This  was  done  by  varying  the  efficiency  of  the  antenna  model  atout 
its  approximate  value  of  .5  until  the  difference  between  the  measured  a.nd  calcu- 
lated antenna  patterns  was  minimised.  Figures  2.5  a!:d  2.6  shov;  the  results  oJ’ 
this  minimisation  for  0 dB  and  6 dB  coning  respectively.  This  concluded  the  model 
voj'ification  of  those  antenna  characteristics  which  are' independent  of  the  teirain. 
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C&WARI30!;  OF  KE/,SU?jZ.  A!.t  CAL:;ULATE0  OdB  oo.-li:  AN'.tKiA  PATTEHIIS  (U^■CO^TENSATED) 


2.3  Turradn  Modeling 

A great  deal  of  Dtiaicturc  data  was;  taken  at  Buffalo  in  1967.  However, 
only  a ::;nall  poi'tioti  of  that  data  was  obtained  using  an  R.T.T.  There  were  also 
tv.'o  antenna  hejyhts.  The  earliest  data  was  taken  with  the  antenna  phase  centci’ 

67  feet  above  tlie  ground  but  no  R.T.T.  data  was  taken  at  this  antenna  height.  The 
anteiana  was  lowered  30  feet  on  May  2,  I967  and  R.T.T.  mcasurcnients  were  made 
beginning  on  May  26,  19^7 . Table  1 shows  a list  of  all  the  R.T.T.  structure  lair.s. 
Six  of  these  nans  were  chosen  for  their  legibility  and  because  they  were  a repre- 
sentative cross-section  of  the  conditions  noted  in  Table  1.  Data  joints  from 
runs  number  12,  42,  44,  7G,  92-  and  9^j  are  plotted  In  Fig.  2.7  and  an  average  curve 
drawn  throu.li  these  points  to  repx'cscnt  a long  term  trend.  The  inclusion  of 
teri-ain  effects  in  the  computer  model  should  duplicate  this  measured  curve.  Figure 
2.G  is  a structui’e  non  assuming  the  antenna  phase  center  is  situated  37  feet  above  .-in 
infinite  flat  plane.  Since  the  area  around  Runway  23  is  not  an  infinite  flat 
plane  one  should  not  be  surprised  that  Figure  2.S  docs  not  agree  with  the  measured 
data  of  Fij^ure  2.7* 

To  further  improve-  the  sii.iilarity  of  the  two  curves,  more  explicit  model- 
ing was  required.  The  first  obvious  choices  were  the  runway  embankment  and  the 
chain  link,  fence  running  pai-allel  to  the  runway.  Figures  2.9  and  2.10  show  the 
effect  of  both  of  these.  Obviously,  the  long  term  trend  exhibited  by  the  measured 
data  is  not  produced  by  eiiher  the  fence  or  the  embankment.  As  an  additional  re- 
finement the  terrain  in  front  of  the  antenna  was  investigated  to  detci-minc  if  any 
lar'ge  scale  terrain  trends  could  be  ascertained.  Figure  2.11  is  a cross-section 
of  the  ground  in  front  of  the  antenna.  As  one  caii  see,  a general  uptilt  uf  about 
.23^  occurs.  Fijqrre  2.12  shows  a fly-in  with  the  inclusion  of  the  grouird  tilt 
superimposed  on  the  measured  tr-end. 

Upon  examination  of  the  measured  data,  possible  periodic  interference 
can  be  discerned.  Fig.  2.13  illustrates  how  the  measured  cur've  can  b(:  divided 
into  sections  that  appear  to  be  lialf  the  period  of  some  siirusoidal  interfci'cnce. 

This,  infoivnation  con  be  usc:d  to  calculate  the  location  of  possible  derogating 

sources.  Figure  2.14  explains  how  this  was  done.  If  the  direct  radiation  and 

the  derogating  i-adiation  add  in  phase  at  point  A and  subtract  at  point  B, 

thr-n  the  two  sig.nals  must  differ  in  phase  by  1G0°  at  point  B. 
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iiio  anr,ie  yean  be  cietcmnned  and  a cone  in  space  is  cbncrateo.  Ihe  int-ersect^on 
of  this  cone  with  the  ground  will  give  the  location  of  possible  derogating  sources. 
Figures  2.15,  2.l6,  2.17  n^id  2.18  show  areas  of  possible  derogating  sources  supor- 
impor.fd  on  a map  of  Runway  23.  All  of  these  areas  include  the  hew  Yoi'k  State 
Througliway.  Th"  niodeling  of  the  thruway  is  illustrated  in  Fig;urc  2.19  and  its 
effect  on  t.he  <'3;, -i.n  is  sho,-.n  in  Fig.  2.20  superimjrased  on  the  measured  data. 

There  is  very  good  agreement , so  it  v.'as  felt  that  the  verification  of  the  complete 
comput'  T model  v;as  establisliod. 

2.4  CorriDensated  Pattern  Matcliing 

The  only  model  verification  detail  that  remained  was  establishing  the 
validity  of  comp.nsated  antenna  pitteins.  Since  the  antenna  at  Buffalo  had  no 
compensating  radiators,  all  measured  eon;pcnsated  patterns  were  made  at  tlv 
Westing, hou.'e  ant'nna  iming.e.  Figures  2.21  and  2.22  show  comparisons  of  ir.easurad 
and  calculated  6 cil  arid  9 dB  com.pensatcd  patterns.  These  calculated  patterns 
were  used  in  the  prediction  oj’  antenna  perl'onaancc. 
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PFiEDICTJO:!  OF  IL5  FKliP'DIiMANCK 


3.1  Lone  Term  Derogation 

The  antenna  performance  suffers  because  of  unwanted  reflections.  Reflec- 
tions due  to  sideloi e radiation  can  be  reduced  by  compensation.  However,  since 
compensation  barely  affects  the  main  lobe,  reflections  due  to  the  main  lobe  are  re- 
duced by  coninc  the  aj'.tenna.  A bad  feature  of  coning  is  the  inherent  "flare"  or 
fly-dov.ri  rdgnal  near  threshold.  This  can  be  somewhat  alleviated  by  moving  the 
antenna  further  back  from  threshold  and  side  tilling  the  antenna.  Taking  all  of 
this  into  consideration,  the  antenna  should  be  as  far  from  threshold  as  possible  and 
coned  as  much  as  possible.  As  an  indication  of  the  improvement  due  to  compensation, 
Fig.  3.1  compares  the  compensated  and  uncompensated  fly-ins  with  the  anterjia  at  its 
original  position  of  215  feet  backset,  65O  feet  offset  and  37  feet  height.  There  is 
consideral'le  Imjjrovcment  but  even  further  improvement  can  be  realised  by  increased 
coning  anci  a larger  backset.  In  searching  for  the  optimum  condition,  it  war.  felt 
that  an  infinite  tilted  plane  approximation  v;ould  supply  sufficient  information  for 
a site  dc:clsion  to  be  made.  Once  the  antenna  site  was  established,  modeling  of 
specific  terrain  features  could  be  made  to  pi’edict  the  expected  flyability.  This 
decision  was  made  because  of  the  large  ajiiount  of  computer  time  needed  for  complete 
modeling  (about  250  seconds)  vhcrea  an  infinite  tilted  plane  approximation  talces 
very  little  co.mputcr  time  (about  6 seconds).  Figs.  3.2  to  3.12  illustrate  fly-ins 
for  various  conditions.  The  position,  height,  sidetilt  and  coning  were  the  variable 
piarametcrs.  Table  2 lists  the  condition  of  each  of  the  fly-ins.  The  optimum 
f.ntcruia  pwi-fonnance  v.'as  obtained  by  locating  the  antenna  800  feet  backset,  65O  feet 
offset  and  a height  of  /(3.1  feet  (TCH  ol'  55  feet).  Figure  3.12  is  a fly-in  wiUi 
all  significant  terrain  featui-cs  modeled.  Category  IT  limits  are  met  by  the  jonn 
tenn  trend. 
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3.2  f'hoi't  Tonn  Uerocation 

The  bulk  of  faet  teni;  riei-ocution  iu  caused  by  spurious  reflection  of 
horizon  radiation.  Horizon  radiation  is  main  lobe  radiation  and  is  only 
reduced  by  incroae.inc  coning.  An  average  of  the  maximiuii  fast  term  derogation 
for  the  measured  data  \.as  found  to  be  1?  microamps.  This  was  for  A dB  of 
coning.  Tiic  expc-ctcd  reduction  of  the  fast  tenn  derogation  by  coning  can  be 
obtained  from  a comparison  of  tiie  uncompensated  4 dB  antenna  pattern  and  the  com- 
pensated 9 d!i  antenna  pattern.  Fifpare  3-13  shows  both  anteima  pattenis  and  tiiC 
location  of  tiic  horizon  illamination.  The  antcrana  patterns  indicate  an  8 dB 
reduction  in  iiorizon  illumination.  This  will  I’educe  the  maximum  average  fast 

tenn  dei-ogation  to  6.7  micro  amps.  This  fast  term  derogation  should  not  be 

large  enough,  to  put  the  antenna  out  of  Category  II  limits. 

A trip  was  made  to  Buffalo  on  July  24,  1974  to  investigate  the  antenna 
site  in  more  detail.  A small  6 or  7 foot  high  knoll  that  was  not  indicated  on 
the  available  it  main  maps  was  situated  in  fi-ont  of  the  optimum  antenna  position. 
Otlicr  fiossillc  sites  at  less  offset  and  nearly  the  same  backset  were  felt  to  b., 
ivasonable  alternatives  since  they  had  relatively  uniform  ground  in  front  of 
them.  The  terrain  was  sui-vcyed  and  this  infoimation  was  used  to  determine  a 
final  antc;r  a site.  Utaire  3.1-4  shows  the  investigated  positions  and  Figaires 
3.13  to  3.20  are  the  infinite  tilted  plane  fly-ins  for  each  of  the  positions. 

Fit^ure  3-20  is  the  infinite  tilted  plane  fly-in  foi’  the  optimum  site.  F’igure  3.21 
is  a fly-in  I'oi'  the  optimum  antenna  site  with  all  terrain  modeled.  Its  position 
is  showai  in  detail  on  tin.-  map  in  Fi.'pare  3.14.  At  this  fosition,  tiic  anteruia  should 
meet  Category  II  rccuireincnts. 

3.3  Fowerldncs 

The  only  rci.'.alning  ])0..alblc  problem  sources  arc  the  powerlines  in  the 
vicinity  ol’  Punway  23.  Those  are  located  near  the  middle  marker  and  at  the 
corner  of  Main  Street  and  Transit  }?oad.  Figure  3-22  sho\;s  the  relation  of  the 
powerlines  to  the  aj)proach  path  of  the  aircraft. 

The  calculat.ion  of  the  I’eflected  radiation  from  a powerline  is  desci’il -'d 
in  appendix  A .2.0.  The  equation  for  reflected  radiation  derived  in  appendix  A. 20 
is: 


~ ^ vX.f Hj 
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A computer  procram  using  this  equation  was  written  to  calculate 
the  effect  of  a powerline  on  flyability.  In  order  to  best  illustrate  the 
effect  of  the  powerline,  the  reflected  radiation  was  expressed  in  microamps  of 
DDM  derogation  at  various  distances  from  the  power  line.  Figures  3.23,  3*24 
and  3.25  are  computer  printouts  showing  the  derogation  due  to  a powerline 
illuminated  by  both  the  4 dB  coned  antenna  and  the  9 dB  coned  antenna.  Each 
of  these  printouts  are  for  a different  powerline  radius.  The  data  indicates 
that  beyond  iO  feet  from  the  powerlincs,  the  effect  is  negligible.  Figure  2.62 
shows  that  the  aircraft's  closest  approach  to  the  powerLmess  is  about  172  feet. 
At  this  range  the  effect  of  one  powerline  would  be  practically  non-existent. 

Even  if  a large  nuiriber  of  pov;erlines  v/ere  present  and  they  all  added  in  phase  at 
the  aircraft  (highly  unlikely)  their  effect  would  still  be  extremely  small. 


RADIUS  Or 

POUZHLI-DCnCK' 

:S)J: 

- 

t . 125 

RADIUS 

PUISLD  P-50VE 

DDM  DZPD 

GATIOM 

CZ25T) 

HOHISSriTAD 

(i:icP.0A 

::?S) 

CDFG?5;£5> 

9D3G..^ 

4D3 

.01 

.1 

57.5750 

1 2 4. 17 45  9 

.01 

30.0 

57.7321 

1 2 5 • C S 6 1 

.01 

^ 60.0 

53.  1752 

1 23. C-i3 

.01 

90.0 

53.7557 

1 27. 3691 

.01 

120.0 

59.39C3 

123.69 19 

.01 

150.0 

59.3394 

129.6521 

.01 

180.0 

59.9905 

129.9924 

1.00 

.1 

6-649  6 

19.1741 

UOO 

30.0 

8.S496 

19.1742 

1.00 

60. 0 

8.8497 

19.1744 

1.00 

90.0 

8.8499 

19.1 7m7 

1.00 

120.0 

8.3500 

19.1  750 

l.OC 

150.0 

8.6501 

19. .1752 

1.00 

180.0 

8.6501 

19.1753 

3.00 

. 1 

*5  333 

1.1563 

3.00 

30.0 

.5333 

1.15  6-7 

3.00 

60.0 

.5339 

1 .156-7 

3.00 

90.0 

.5339' 

1 . 1 569 

3.00 

120.0 

.5340 

1-1570 

3.00 

150-0 

.5340 

1.1571 

3.00 

ISQ.O 

.5340 

1.1571 

5.00 

.1  - 

.0145 

.0313 

5.00 

30.0 

.0145 

.6313 

5.00 

co.o 

.0  145 

.0313 

5.00 

90.0 

.0145 

.0313 

5.0  0 

120.0 

.0145 

.0313 

5-00 

150-0 

.0  145 

...03  1 3 

5.00 

130. 0 

.0  145 

.0313 

■ 10.00 

. 1 

'■  .0007 

.0313 

10-00 

30.0 

.0007 

.0016- 

10.00 

00.0 

.0007 

.0016 

10.00 

90.0 

.0007 

.0016 

• 10.00 

120.0 

.0007 

.0016 

10.00 

150.0 

.0007 

.0016 

10.00 

STOP 

loO.Q 

.0007 

.0016 

SS  22.533  S5CS. 

FJti  C0t:?Lt75. 


i-'jGUiJs  3.:'3 


rF.U’cyvT'o:i  DUF-  TO  of  .23  iiicii  diai.fifk 


3-27 


I 


1 


r 


)I’JS  0." 

POOIRLIITOC;; 

c;isis)2 

25 

RADIO'S 

6 

'OS:  DOM  D~HO 

2A7I0-J 

<E£S7)- 

HOr.IZDGTA 

L CMICHOhI'.PS) 

9 D3  cj.n( 

4D3  C.. 

■ .02 

.01 

52. 73-0 

122.9236 

.02 

30-00 

57.05  C« 

123.6097 

.02 

t j . 0 c 

57.9779 

1 25. 61 £7 

.02 

90-00 

5 9 »2cc9 

125-4117 

.02 

120.00 

60.5550 

131.2046 

.02 

150.00 

61 .A332 

133.2135- 

-.02 

130-00 

fcl.7999 

1 33-8997 

1 .00 

.01 

10.16A7 

21.9602 

1.00 

30-00 

10-1 A49 

2 1 .9305 

l.CC 

c 0 . o o 

10.  U5  3 

21.9515 

1 .00 

90-00 

10-1A59 

21-9329 

1 .00 

120-00 

lO-UiO 

2 1 .9542 

1.00 

150.00 

10.U70 

21.9552 

1 .00 

150. CO 

10- u;  2 

21.9355 

3.00 

-01 

.695  5 

1 .5070 

3.00 

30-00 

.6956 

1.507  1 

3.00 

tC-OO 

.6953 

1.5076 

3. CO 

O',  r r 

.6961 

1 .5032 

3.00 

120. 00 

.69CA 

1.5053 

3.00 

1 5 0 . C C 

.6966 

I .5092 

3.00 

130.00 

.6965 

1.5094 

5.00 

.01 

► 0215 

.-0465 

5. -CO 

30.00 

.0215 

.0435 

5.00 

f.  0 . 0 0 

.0215 

.0435 

5.  CO 

. 90.00 

.0219 

.0  465 

5.00 

120.00 

.0214 

.0464 

5.0  0 

150.00 

.0214 

.0464 

5.00 

130-00 

.0214 

.0464 

10.00 

.0  1 

• .0012 

. 0027 

1 0 . C 0 

30.00 

.0012 

.0027 

! 0 . u 

C.0  - 0 0 

.00  I 2 

.0027 

10.00 

7 . . C 0 

.0012 

.0027 

10-00 

1 3". 00 

.0012 

.0027 

1 0 . C 0 

ISO.  .-0 

.0012 

.0027 

10. CO 

1 £ 0 . 0 0 

. .0012 

.0027 

irrciDF.vT 

RAEIAriON 


#7 


“cr 


t 


Pov.r;ai:.-E 

CIAi'-IE'ffiH 

.So' 


KlfiUlJ'.  3 


DK-.OGATIO:.'  rr:K  to  W..5Rl.lt.'E  Or''  .5,0  IIXH  DIAlIlTCil 


3-28 


L 


RADUiS  CF  PC  nZHI-I-ZC  i::CKFS)7 


% .375  & 


PAEIUS 

ATIGLS 

DDM  Cl 

F.OGATIO:; 

CEZIT) 

H 3 3 1 G C ! J T r 

(MIC?. 

OAJiPS) 

( GZ  GFJjZ  S ) 

9 3 A ^ 3 

.03 

.01 

55 .5615 

■'120.3333  ' 

.03 

30.00 

53-0233 

121 .3392 

“ .03  • ■ 

. ec.cc 

57 .m352 

126. 6696 

.03 

9C.00 

59.AI9 1 

125.-76!  6 

.0  3 

120.00 

61. AOOG. 

153.3336 

.03 

150. cc 

62. S 126 

1 35.0930 

.33 

1 o j • 0 0 

63.2767 

137.0995 

1.00 

.01 

1 l.:S57 

26. C 190 

r.oo 

30.00 

1 1 .0331 

2 A • 019  5 

1 .00 

60.00 

1 1.0572 

2 A • C 2 2 2 

l.CO 

90.00 

I'l.  0337 

26.0255  . 

l.CO 

12  0*00 

1 1 .0902 

A _ 7 

1.C3 

150.00 

11.0913 

26.03  1 1 

uoo 

150.00 

1 1*0917 

26. 032C 

3.00 

.01 

.8279 

1.7937 

3.00 

30.00 

•-S23  I 

1 * 7 9 A 1 

3. CO 

60.00 

• S2c  2 

1 ^9S3 

3. CO 

90.  CO 

.8293 

1.7959 

3.00 

120. CO 

.5300 

1 .3986 

3.00 

150.03 

.83  35 

1 . 799S 

3. CO 

ieo.03 

*-o3C5 

l.cCOO 

5.00 

.01 

.0279 

.0606 

5.00 

30.00 

.0279 

.0606 

5.00 

60.00 

.0279 

.0606 

5 .00 

90.30 

»-0  27  5 

.06C3 

5-CO 

120.00 

.0273 

.0603 

5.00 

150.00 

.0275 

.0603 

5.00 

180.00 

.0273 

• 0602 

10.00 

i.01 

.001  7 

.0033 

10. CO 

30. CO 

■ .0017 

•-0  Co5 

10-00 

60. CO 

.00  17 

-COoS 

1C. CO 

90.00 

► 00  1 7 

*•00  35 

10. CO 

130.00 

.0017 

• 0033 

1 0.  cc 

1 SC. CO 

.0017 

.0033 

10.00 

ISO. 00 

.00  17 

• 0 038 

STOP 


Fc;-;KftLi:.-E 

DlAi’^lETER 


.7^' 


V- 

,3 


v->'^ 


r' 


‘S'' 


SS  22.5C5  SICS- 

PJi:  co:;?LiTi. 


FIGURE  3.F5 


DEROGATIOi;  Fl'E.  jp  IP'-tiiLlUE  OF  .75  II.’CH  DIA.TETER 


3-29 


t 


4.00 


REFERENCES 


2.1  R. A. Moore,  0.  Moussally,  T.  Parker,  S.F.Ptyer, 

"Analysis  of  Im^tnunont  Landing  Sy.'^tem  Glide  Slope  Broadside  Antereias"  i 

Phase  1,  Interim  Report  1 

CONTRACT  FAA-IJ)-72-139  j 

A. 1.1  (same  as  atovc)  j 


A. 2.1  J. A. Stratton,  "Electromagnetic  Theor-y",  McGraw-Hill  Book  Company,  Inc., 
New  York,  19^31,  pp  3^4-372 


j 


4-1 


A. 


1.0  DFTr:!;;rr:AT.To;j  oi’  maximum  fiatk  sizk  fom  TERTiAir:  MonEi,i:.’C 


The  method  of  ptiysicn]  opticr.  involves  niodclirii^  the  non-unifonn  tci-rain 

as  arbiti’arily  oriented  flat  piates  and  calculating  the  effect  at  tlie  aircraft  by 
A. 1.1 


Phi^u 


L siA^(U,Jo)  5»vf!A,^|0 

U.Ji. 


j 


Fifoire  A.i.l  explains  the  terms  used  in  the  above  equation.  This  equa- 
tion was  dei-ived  tiy  assuming  tiie  radiation  iliiuninating  the  plate  is  a plane  wave. 

At  finite  distances  from  the  radiator  tills  is  not  exactly  correct.  However,  good 
accuracy  carr  be  achieved  by  breaking  the  jilate  into  rectangles  sma''J  enough  that 
the  incident  radiation  appears  to  be  a plane  v;ave.  The  problem  is  then  to  deter- 
mine tdie  maximum  pl.ate  sire  that  will  still  ensure  accuracy.  In  order  to  solve 
this  problem  empirically,  it  was  necessary  io  compare  the  calculated  apiiroximation 
to  a knov:n  solution.  The  simplest  problem  was  to  calculate  the  reflected  radiation 
due  to  a point  charge  of  unit  magnitude  above  an  infinite  flat  plane.  Figure  A. 1.2 
illustrates  the  geometry  of  the  pr-oblem.  Ther-e  are  two  vai'iablcs  that  must  be 
clctenr.inod:  the  maximum  plate  sire  and  t.ho  minimum  area  needed  to  accurately  model 

an  infinite  plane.  The  num.bcr'  of  Fresnel  /.ones  was  decided  upon  as  a measure  of 
area.  The  minimum  plate  sire  is  a function  of  the  radiation  v.'avclc.ngtli  and  t}ie 
distance  fr-om  the  radiator  to  the  r'eflecting  surface.  The  cruteria  for  deterr. lining 
if  a reu’civer  is  in  the  far-finld  of  a dirxrle  is  also  a function  of  the  distance 


from  the  receiver  to  the  dipole,  the  sepni’ation  of  the  radiators  constitutin  , th 


dipole,  and  the  wavelength.  Tliis  is  expressed  by  distance  = A wherw  D 

is  the  separation  of  the  radiator. . The  plate  size  is  analagous  to  the  radiatoi- 

separation  and  can  be  expi-csscd  1 y P = / f>i>  r « X 

V a Ihis  will  ensure  that  the 

antenna  is  in  the  fai'-field  of  the  plate  Uit  it  docs  not  necessarily  mean  th;;t  t.he 
plate  sire  will  give  accurate  model irig  infojiaation.  However,  tlie  "2"  can  be 
replaced  by  a variable:  "x"  and  as  x incroas.cf,  the  plate  sire  will  decrease  and  n.ort 
accuracy  will  i-esull..  Fi/;;ure  A. 1.2  also  shews  i-hc  i-c.sults  of  varying  plate  sire  and 
modeled  ai’ca.  The  plate  size  was  varied  while  keeping  the  modeled  area  constant. 
Accuracy  did  not  seem  to  improve  satisfactorily  \.'it}i  decreased  plate  size  until 
the  modeled  area  cncomj'assed  20  Fi’csnel  zones-.  The  maximum  plate  size  decided  upon 

0 = /Epvir 


v;as 


This  g, ive  about  5','  erj-or  and  any  further  d^-crcase 


in  plate  size  doe; 
and  stoi'a/;c. 


not  appi'cciab'ly  incroa.-c  accuracy  but  docs  increase  comput.cr  time 
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;t  radiator  to  nearest  point  on 


A. 2.0 


P0V.■ERLI^^E  MODELIMG 


In  order  to  accurately  model  the  jx^werlines,  the  mathematical  model  must 
be  as  close  as  possible  to  the  situation  occurring  in  nature.  However,  to  reduce 
the  complexity  o!'  the  problem  it  is  necessary  to  make  a few  simplifying  assamptions. 
The  power! Ine  can  be  thought  of  as  an  infinitely  long,  perfectly  conducting  cylinder 
irr.mi, rsed  it;  free  space.  In  this  particular  problem,  the  incident  radiation  can  be 
assumed  to  be  a plane  wave  since  the  distance  from  the  antenna  to  either  set  of 
peva  rl'd.e.-  iL  very  largo  compared  to  the  radii  of  typical  powerlines.  The  p'ower- 
lines  are  assumed  to  be  perpenaicular  to  the  direction  of  propagation  and  are  parallel 
to  t h-  K field  sir;ce  the  waveneide  antenna  radiates  l.orirontally  polarised  v.'aves. 

Ti.is  h-  il  iu..t rated  in  Figure  A.2.1. 

"O'] 

The  recmeti-y  of  the  uroblem  .suggests  using  cylindrical  coordinates 
V'C  + A £ is  the  wave  equation  in  free  space  ( f<  = >TT/>  ). 

Th.:-  p-encral  solution  to  this  equation  in  cylindrical  coordinates  is 

4 ( />1  ^ 


where  Zm  are  Bessel  functions  or  combina- 


tion;-.  of  I’essel  functions. 

In  order  to  solve  the  boundary  value  problem,  it  will  be  necessary  to 
rep:-'';  c:,‘  the  incident  plane  wave  in  the  foim  of  De.'^sel  functions.  A plane  wave 
travelln  - in  t h^.  direction  in.  free  srace  can  be  rerresented  bv: 

f h ?,=,•*)-£  = ' o.  ^ I e > f 

Ttiis  fu. .ction  of  r and  0 is  periodic  in  0 and  can  be  expanded  i.n  a 
Fourier  . ( ries  wiio;.!  cO’.'fi'’icient;-,  are  fuiud  Joris  of  i-  alone. 
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IDEALIZED  REPRESENTATIDrj  OF  A POWERLINE  ILLUMINATED  BY  A PLANE  WAVE 


This  is  a plane  wave  expressed  as  an  infinite  sum  of  Bessel  functions  of 
the  first  kind. 

The  radiation  in  the  {.owei’l  ine  problem  can  be  divided  into  incident  radiat.io.n 
£ind  reflected  radiation. 

Incident  radiation: 

r • tv 

ri:flccted  i-adiation: 

I I 

where  (~j„  ^ Hankel  function  and  is  a constant  to  be  deterained. 


The  lour.dary  conditions  are: 

K tanf^ential  - 0 

B normal  = 0 

The  E field  insic^  a pi-r^ct  conductor  is  c.ero,  so  at  r = 

«r",0l  = £,  *'^n  = o 


o 


In  order  to  evaluate  O. /n  ^ f.(r,  O')  ' c multiplied  by  c and  iritegrated  over  6 
from  0 to  I' 
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